Background: Stapedectomy and stapedotomy are the standard techniques for stapes fixation surgery. Both techniques depend on the size of window opening (total, partial stapedectomy and small-hole stapedotomy) and the type of prosthesis used. Outcome of technique and prosthesis are controversy. Objective: Evaluate the outcomes of the two surgical techniques (stapedectomy/stapedotomy) and two sizes of prosthesis (Cawthorn 0.6mm/0.3mm) in terms of effectiveness and safety. Material and methods: Sixty-four medical records of patients undergoing stapedectomy or stapedotomy between the year 1995 and 2005 were reviewed. The subjects were classified into three groups including 0.6-mm stapedectomy, 0.6-mm and 0.3-mm stapedotomy group. The pre and post operative air-conduction threshold (AC) and air-bone gap (A-B gap) were compared for each group. The pre-and post-operative differences in pure tone average of AC, pure tone average of bone conduction threshold (BC), AB gap, AC at 4KHz, BC at 4KHz, AC at 8KHz, and speech discrimination score (SDS) were analyzed. The surgical complications were also compared. Results: Means of post-operative AC, and A-B gap were significantly better in all three groups. The mean of postoperative AC at 4KHz was significantly improved only in stapedotomy groups (0.6-mm and 0.3-mm stapedotomy). To compare the hearing outcomes among the three groups, there were no statistically significant differences between 0.6-mm stapedectomy vs. 0.6-mm stapedotomy, and between 0.6-mm vs. 0.3-mm stapedotomy. The complications were found in all three groups. The 0.3-mm stapedotomy had the lowest rate. Conclusion: Stapedectomy versus stapedotomy yields comparable hearing outcomes but stapedotomy results had a better success rate than the stapedectomy. For 0.6-mm stapedotomy vs. 0.3-mm stapedotomy, the overall results in both groups are not significantly different, in terms of both the hearing outcomes and the success rate. In terms of complication rate, 0.6-mm stapedectomy had the highest rate, while 0.3-mm stapedotomy had the lowest.
Stapes fixation was caused by various diseases such as otosclerosis, tympanosclerosis and congenital stapes fixation. A historic review of stapes fixation was provided by Glasscock III and Shambaugh Jr. [1] . In 1923, Holmgren [2] reconsidered the hearing loss from stapes fixation, and revitalized its surgeries. Instead of attention to the fixed stapes footplate, he opened the horizontal semicircular canal, bypassing the sound energy from the external ear to the semicircular canal. Following this theory, Lempert [3] developed one-staged technique fenestration surgery.
The fixed stapes surgery was ended with the gold standard by Shea [4] in 1956. He took out all parts of the footplate, sealed the window with thin connective tissue, and used the polyethylene tube connecting the incus and the sealed oval window, where hearing gain was extraordinary.
Shea's stapedectomy was accepted as a standard operation for otosclerosis by all otologists. It was modified in the size of window opening (total, partial stapedectomy, and small-hole stapedotomy) and the type of prosthesis used. In fact, Colletti et al. [5] , Kursten et al. [6] , Spandow et al. [7] , and Manchese et al. [8] reported that stapedotomy was superior to stapedectomy in yielding the high frequency gain, decreasing the inner ear injury, and converting the discrimination scores.
In views of prosthesis, various shape size and materials were investigated by many otologic surgeons. In Thailand, stapedectomy was firstly performed in 1970. Until now, stapedectomy and stapedotomy have been performed as the standard practice for otosclerosis. However, the technique and prosthesis used were according to surgeon experiences and prosthesis availability. In fact, some perform the total stapedectomy with fascia graft sealing using large piston prosthesis (Cawthorn's 0.6mm, Teflon piston prosthesis). On the other hand, others perform smallhole stapedotomy using Cawthorn's piston of 0.6 mm or 0.3 mm in diameter.
In this study, we evaluated the outcomes of both surgical techniques (stapedectomy/stapedotomy) and the size of prosthesis (Cawthorn's 0.6mm and 0.3mm) in terms of effectiveness and safety.
Patients and methods
The inclusion criteria were any patients (age: 18 years or older) who underwent either stapedectomy or stapedotomy by one of the four most experienced otologic surgeons at King Chulalongkorn Memorial Hospital between 1995 and 2005. The exclusion criteria were less than one-year follow-up period, nonavailable pre-and one-year post-operative audiograms and undergoing stapes surgery in combination with other middle ear sugery. The procedures performed by the residents, fellows or young inexperienced staffs were also excluded. The study was approved by the Ethics Committee of the Faculty of Medicine, Chulalongkorn University.
One-hundred forty-four medical records met the inclusion criteria. However, 68 cases were excluded due to either incomplete medical records or inadequate follow-ups. Moreover, 12 operations were done by fellows or junior staffs. Then, 64 cases were eligible to the study.
Statistic evaluation included paired t-test for preand post-operative audiometry and one-way ANOVA Turkey method for evaluation of each operation technique.
Demographic data, including sex, age, laterality, and preoperative audiometry, were recorded. The postoperative audiograms were done during each followup visits up to at least one year. The pure tone average at 500, 1,000, and 2,000 Htz for AC, BC, and A-B gap were calculated in each visit.
The outcome was categorized into "successful" (A-B gap within 1-10 dB), "satisfied" ( A-B gap within 11-20 dB) and "unsuccessful" (A-B gap 21 dB or worse) respectively (see Table 1 ). The pre and oneyear post-operative AC and A-B gap was compared in each group. For stapes fixation surgery using 0.6 mm prosthesis, the hearing outcome was compared between 0.6-mm stapedectomy and 0.6-mm stapedotomy. The hearing outcome was also compared between stapedotomy using 0.6-mm and 0.3-mm prosthesis. The pre-and post-operative differences in pure tone average of AC, pure tone average of BC, A-B gap, AC at 4KHz, BC at 4KHz, AC at 8KHz, and SDS were analyzed. The surgical complications were recorded.
Results
Out of 64 patients, 12 underwent stapedectomy using 0.6mm Teflon piston prosthesis (18.8%). Twenty cases underwent stapedotomy using 0.6mm prosthesis (31.2%), and 32 cases underwent stapedotomy using 0.3mm prosthesis (50.0%).
The demographic data of 64 patients are displayed in Table 2 . There were statistical significant differences, except for a higher male to female ratio in 0.3-mm stapedotomy group and a predominant right side in both stapedotomy groups. When the pre-and post-operative audiometry were compared, means of post-operative AC and A-B gap were significantly better in all three groups. The mean air conduction hearing gain was 21.9±23.3 dB, 22.6±17.4 dB and 21.4±10.5 dB for 0.6-mm stapedectomy, 0.6-mm stapedotomy and 0.3-mm stapedotomy group, respectively (Table 3 and 4). However, mean of post-operative AC at 4KHz was significantly improved only in both stapedotomy groups (mean hearing gain: 15.3±18.0 dB and 9.2±16.8 dB for 0.6-mm stapedotomy and 0.3-mm stapedotomy, respectively). The mean SDS was insignificantly improved in both 0.6-mm stapedectomy 0.6-mm stapedotomy groups (Table 3) , but not improved in 0.3-mm stapedotomy ( Table 4) .
When the hearing outcomes between the three groups were compared, there were no statistically significant differences between 0.6-mm stapedectomy vs. 0.6-mm stapedotomy in all items (Table 3) , and between 0.6-mm stapedotomy vs. 0.3-mm stapedotomy in all items ( Table 4) .
Complications of three categorized stapes surgery techniques were found in five patients (7.8%). However, 0.6-mm stapedectomy showed the highest complication rate (16.7%), then 0.6-mm stapedotomy (10.0%), and 0.3-mm stapedotomy being the lowest (3.1%) ( Table 5 ). For 0.6-mm stapedectomy, two patients suffered from the perilymph leak. One patient experienced the perilymph fistula forming postoperatively, which caused severe hearing loss and vertigo. Table 3 . Mean±SD of the pre-and post-operative audiometric evaluation for 0.6-mm stapedectomy and 0.6-mm stapedotomy. Another patient had moderate hearing loss and vertigo. Both fistulas were repaired with perichrondium from tragus. Following repair, vertigo was cured in both patients, but hearing recovered only in the moderate one. For 0.6-mm stapedotomy, there was one patient with perilymph leak and another with prosthesis displacement. The patient with perilymph leak was from perilymph fistula and granulation tissue, but there was no hearing loss. Another patient with prosthesis displacement had incurred vertigo immediately in post-operative period, and subsequently underwent prosthesis removal, sealing with temporal fascia and prosthesis reinsertion. The result presented no vertigo but hearing loss. For 0.3-mm stapedotomy, one patient with perilymph leak suffered from profound hearing loss even after sealing the fistula with temporalis fascia.
0.6-mm
The success rate of the operation was also evaluated under consideration of the post-operative air-bone gap of each individual as described in Table 1 . The success rate was sub-classified into five subclasses: "Excellent"-the complete closure or over-closure of the A-B gap " Good" -A-B gap within 1-10 dB "Fair" -A-B gap within 11-20 dB, "Poor"-A-B gap more than 21 dB but better than the preoperative A-B gap, and "Failure"-no gain of A-B gap or worse (see Table 6 ). The success rate appeared highest among the 0.6-mm stapedotomy group (75.0%). When "successful" and "satisfied" were combined, both stapedotomy groups (0.6-mm and 0.3-mm) got the success rate of at 95.0% and 94.2%. Interestingly, this rate was in contrast to 75.0% in 0.6-mm stapedectomy group.
Discussion
Shea's stapedectomy [4] opened new operative technique and prosthesis designs. The operative procedure was divided into stapedectomy (total footplate removal and opening all the oval window) and stapedotomy (small-hole creation on the footplate). There are many studies to report the outcomes of these two procedures [9] [10] [11] . Most authors found that stapedotomy was superior to stapedectomy in terms of restoration of high frequency hearing gain and Stapes fixation surgery reduction of inner ear injury [5] [6] [7] [8] . In the present study, either stapedectomy or stapedotomy could significantly improve the hearing outcome, especially in air conduction thresholds and air-bone gaps with low complication rates. The two groups were not statistically significant different, and moreover, the significant improvement of postoperative AC were at 4 KHz in both 0.6-mm and 0.3-mm stapedotomy (p=0.001). These findings were in accordance with the previous studies [5] [6] [7] [8] . Therefore, it is plausible to suppose that a small hole in the footplate stapedotomy, appropriately fitting to the 0.6mm Teflon piston prosthesis compared to the total removal of the footplate [6, 7] . Stapedotomy also caused less vertigo than the stapedectomy [12] .
In contrast to AC, the BC remained unchanged in both stapedectomy and stapedotomy groups. This finding confirmed that both procedures were safe for the inner ear. In comparison, it did not show a statistically significant difference.
Many previous studies explained the design and the size of prosthesis. Some authors stated that a larger prosthesis could conduct sound energy better than smaller ones [13] . It might be supposed that larger prosthesis could transmit pressure into the inner fluid much more than smaller ones did [12] . However, other investigators did not agree and found that the size of the prosthesis was not the influential factor for postoperative hearing gain [14, 15] In our study, the hearing outcomes of the stapedotomy using either 0.6-mm or 0.3-mm piston prosthesis were not statistically significant different in all parameters, corresponding with the findings of Fisch [14] and Smyth and Hassand [15] .
The present result showed that the success rate, if "successseful" and "satisfied" are combined, was over 90% in stapedotomy cases (using either 0.6-mm or 0.3-mm prosthesis) compared to 75% in stapedotomy case. Further studies are required to explain this finding. However, in terms of complication rate, the present study showed that the 0.6-mm stapedectomy had the highest complication rate (16.7%). This may be explained by the larger hole in the stapes footplate, thus, the more perilymph leakage may occur. This may also explain why the 0.3-mm stapedotomy got the lowest complication rate (3.1 %) (see Table 5 ).
The limitations of the present study are, 1) since this is retrospective analysis, some data might be missing, and 2) all operations were not performed by one surgeon. However, it must be mentioned that the four otologic surgeons contributed their excellent expertise caring for the patients, and the authors believe their surgical skills are not different.
Conclusion
Stapedectomy and stapedotomy yields comparable hearing outcomes, but stapedotomy seems to have a better success rate than stapedectomy. For 0.6-mm stapedotomy vs. 0.3-mm stapedotomy, the overall results in both groups are not significant different, in terms of both the hearing outcomes and the success rate. However, the 0.6-mm stapedectomy trends to have more chance of perilymph leakage than stapedotomy. Moreover, the smaller prostheses appear to have the lower complication rate.
